Background-In a retrospective study the value of bronchoalveolar lavage (BAL) in the diagnosis of pneumonia was investigated in 95 immunocompromised patients suVering from haematological disorders and receiving a regimen of broad spectrum antibiotics and antifungal agents (BSAR). Methods-With the exception of four afebrile patients, all had fever, raised C reactive protein (CRP) levels, and new infiltrates visible on chest radiography. All patients underwent BAL to identify the organism causing the pneumonia and surveillance cultures were performed regularly for pathogens at diVerent sites. Following classification of the isolates, patients with positive cultures were subdivided into two groups, pathogenic or contaminated. We investigated whether relevant pathogens were cultured only from the BAL fluid and whether they were susceptible to BSAR. Results-Although 77 of the 95 patients were thrombocytopenic, bleeding during BAL occurred in only 15% of all patients. Ten days after the procedure the fever improved in 88% of patients, radiographic findings improved in 71%, and CRP levels improved in 75% of patients; 22% of patients died within 28 days. Pathologically relevant isolates were found in 65% of all patients. Respiratory pathogens were detected only in the BAL fluid of 29 of the 95 patients (35% Gram positive species, 40% Gram negative species, 11% Mycobacterium, 11% fungi, and 3% cytomegalovirus). In 16 of these 29 patients (55%) the pathogens cultured only from the BAL fluid were resistant to treatment. Pathogens detected only in the BAL fluid were not susceptible to a standard broad spectrum antibiotic and antifungal regimen including teicoplanin, ceftriaxon, tobramycin, and amphotericin B in 12 of the 29 patients (41%). Conclusions-Our data suggest that 12 patients were treated with broad spectrum antimicrobial agents which were not directed at the appropriate organism on in vitro sensitivity tests without BAL. BAL is a relatively safe procedure in the diagnosis of pneumonia, supplying important information in immunocompromised patients as well as in immunocompromised patients receiving BSAR. (Thorax 2001;56:115-120) 
Pneumonia is a major cause of death in immunocompromised patients with haematological disorders; the mortality associated with untreated Legionella pneumophila infection in immunocompromised patients has been reported to be 80%.
1 Identification of the causative pathogen and initiation of eVective treatment is therefore essential. We have investigated the diagnostic value of bronchoalveolar lavage (BAL) in 95 immunocompromised patients with haematological disorders and clinical signs of acute pneumonia, comparing BAL with non-invasive procedures such as surveillance cultures at diVerent sites. We determined whether the BAL findings are associated with the therapeutic outcome for immunocompromised patients routinely receiving a broad spectrum antibiotic and antifungal regimen (BSAR). All BAL related complications were documented, including those observed for patients with thrombocytopenia. This study assesses the eVect of the severity of immunodeficiency on a spectrum of pathogens as well as on the clinical course of pneumonia.
Methods
The retrospective study took place in the Department of Pulmonary Medicine in the University Hospital in Mainz, Germany over a period of 4 years and 2 months. All patients with haematological disorders and neutropenia were enrolled in the study if they presented with signs of acute pneumonia. The median (SD) age of the 95 immunocompromised patients (68 men, 27 women) was 49.4 (14.5) years. Underlying diseases included acute myeloid leukaemia (45), acute lymphatic leukaemia (10) , chronic myeloid leukaemia (10) , non-Hodgkin's lymphoma (10) , myelodysplastic syndrome (7), Hodgkin's disease (5) , chronic lymphatic leukaemia (3), aplastic anaemia or agranulocytosis (5) . Patients were divided into two groups according to the neutrophil granulocyte count: group A included 71 patients with a neutrophil granulocyte count of less than 1000/µl and group B included 24 patients with a neutrophil granulocyte count of 1000-3500/µl. With the exception of four afebrile patients, all patients presented with respiratory symptoms (such as dyspnoea and cough), fever, raised C reactive protein (CRP) levels, and new infiltrates as shown by chest radiography. BSAR was administered to all those except the patients with renal dysfunction for whom the antibiotic and antifungal prescription was changed.
All patients underwent BAL in our department. After inspection of the transbronchial tree to the subsegmental level, the bronchoscope was wedged into a subsegment bronchus in the area with the most marked radiological abnormality or, in the presence of diVuse infiltration, into the lingula or middle lobe.
2 BAL was performed according to a standard technique 3 using 5-7 20 ml aliquots of normal saline. Suctioning after each bolus yielded a total of 40-100 ml of fluid. Aliquots of lavage fluid were submitted for microscopic examination (Gram, acridin and acid-fast stains) and cultured for aerobic and anaerobic bacteria, fungi, mycobacteria, and viruses quantitatively. Standard culture methods were used. Direct immunofluorescence was employed for the detection of Legionella pneumophila as well as cultures and polymerase chain reaction in the last year of the study. For mycobacteria Ziehl Nielsen acid-fast stains and cultures were performed. Detection of cytomegalovirus was performed by immunofluorescence techniques and human cell cultures. For all pathogenic stains isolated antibiograms were primarily determined. Transbronchial biopsy specimens could only be taken from 11 patients; all the remaining patients had thrombocytopenia and/or coagulopathy. The biopsy specimens were taken from the area of interest or from the lower lobes in the presence of a diVuse infiltration. Only two patients underwent open lung biopsies using an invasive procedure. Radiographs were routinely taken during the 24 hours after the transbronchial biopsy specimens to rule out pneumothorax. Fever, laboratory parameters, radiographs, medication including preceding chemotherapy, and duration of neutropenia were recorded from admission to hospital to discharge. Cultures from BAL fluid, sputum, blood, urine, pharyngeal smears, and smears from other sites were performed regularly for all patients. Patients with positive cultures were subdivided following classification of the isolates into pathogenic or contaminated groups during the 14 days before and after BAL. While colonies of Legionella were considered to be pathogenic, coagulase negative Staphylococcus or Candida were considered to be pathogenic only when cultured several times from diVerent sources in the presence of a consistent clinical course.
To determine the diagnostic value of BAL we investigated whether the respiratory pathogens were sensitive to the treatment as well as to a BSAR consisting of teicoplanin, ceftriaxon, tobramycin, and amphotericin B. This standard BSAR regimen was selected on the basis of our clinical experience and according to published recommendations. 4 
STATISTICAL ANALYSIS
The Wilcoxon test for two samples, the 2 test, and Fisher's exact test (two sided) were used. Values are expressed as mean (SD). A value of p<0.05 was considered significant.
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Results
PATIENT CHARACTERISTICS
Seventy one immunocompromised patients were allocated to group A (neutrophil granulocyte count less than 1000/µl) and 24 to group B (neutrophil granulocyte count 1000-3500/µl) according to the severity of the underlying condition. The mean value of the lowest granulocyte count was 590/µl (range 0-3400/ µl). Seventy six patients had undergone chemotherapy during the six months preceding BAL (mean 23 days). Nine patients had received a bone marrow transplant. Admission to hospital was on average 18.7 days before BAL (range 0-70 days); 71 patients were admitted for a minimum of five days before the procedure. A total of 71 patients were therefore at risk of "hospital acquired pneumonia" with more virulent pathogens. Onset of fever was noted on average 9.4 days and pulmonary infiltrates were detected 7.7 days preceding BAL. There were no significant diVerences between groups A and B with respect to age, sex, mean duration of BAL, preceding chemotherapy, or the ratio of patients with chemotherapy and clinical parameters.
Intravenous antibiotics and/or antifungal agents were administered to 82 of the 95 patients (86%) 9.6 days before BAL. In 80 of the 95 patients (84%) the antibiotic and/or antifungal regimen was changed during the 10 days after the procedure as a result of BAL findings and/or clinical observations. In 73 of the 95 patients antifungal agents were given intravenously. Most patients received the described standard BSAR regimen. There was no significant diVerence in the percentage of patients treated with BSAR and the duration of antibiotic therapy between groups A and B. Group A included more patients with underlying acute myeloid leukaemia (p=0.004), while the number of patients with non-Hodgkin's lymphoma (p=0.015) and Hodgkin's disease (p=0.014) was greater in group B. Surprisingly, there was no diVerence in the time from the onset of neutropenia to BAL between the two groups.
COMPLICATIONS OF BAL
No episodes of collapse, allergic reaction to anaesthesia, or pneumothorax occurred during or after bronchoscopy. Seventy seven of the 95 patients (81%) were thrombocytopenic (median platelet count 38 000/µl). The ratio of patients with thrombocytopenia was significantly higher in group A (p=0.002). The platelet count was below 50 000/µl in 58 patients and below 20 000/µl in 16. No patient had major bleeding complications. Minor limited bleeding was observed in 15% of the patients. Twenty ml norepinephrine (noradrenaline) were administered locally to only one patient with a normal platelet count to stop nonhaemodynamic bleeding after transbronchial biopsies. One of the 11 patients who underwent a transbronchial biopsy developed minimal bleeding after the procedure. Additional anaesthetics or sedatives were administered to seven patients with severe coughing. Bronchoscopic examination could not be carried out in one patient with persistent coughing. There were no diVerences in coughing or bleeding episodes between the two groups and no correlation was established between the platelet count and bleeding.
CLINICAL COURSE
Ten days after BAL 88% of the patients were afebrile and the radiographic findings and CRP levels were improved or unremarkable in 71% and 75%, respectively. A positive outcome (decline of fever together with improved radiography) occurred in 55% of patients, a negative outcome (either no decline or increase in temperature or unchanged radiography) occurred in 23% of patients, and 22% of patients died during the 28 days following BAL (table 1) . There were no significant diVerences in these parameters between groups A and B, although the number of patients who died during the 28 days after BAL was significantly higher in group B (p=0.02). No significant correlation was found between the outcome and either the type of pathogen or the age of the patient. Two of the three patients in whom Legionella pneumophila was cultured only in the BAL fluid died within 28 days of the procedure.
CYTOLOGICAL EXAMINATION OF BAL FLUID AND TRANSBRONCHIAL BIOPSY SPECIMENS
An additional cytological examination of the BAL fluid was performed at the local department of pathology for 66 of the 95 patients. The results revealed signs of inflammation in 30 of the 66 patients and malignancy was seen in three; hyphae consistent with necroscopic findings confirmed Candida pneumonia in two patients and multiple granulomas with Langerhans' cells suspected of Mycobacterium tuberculosis infection were seen in one. In 11 of the 95 patients transbronchial biopsy specimens were taken and malignant lymphoma cells were found in three patients (underlying disease non-Hodgkin's lymphoma in all three), peribronchial fibrosis was noted in one patient, and signs of a graft-versus-host reaction were seen in another patient. One transbronchial biopsy specimen confirmed the BAL finding of Mycobacterium tuberculosis. In three patients in whom no pathogens were found in the BAL fluid, blood, sputum, or other sites, signs of malignancy were observed in the transbronchial biopsy specimens of two and on cytological examination of the BAL fluid in one; malignancy was therefore the most likely cause of the pulmonary infiltrates and fever in these three patients. Bronchoscopy therefore provided important information in the diagnosis of pulmonary infiltrates in 65 of the 95 patients (68.4%).
COMPARISON OF BAL FINDINGS WITH NECROPSIES AND OPEN LUNG BIOPSY SPECIMENS
Necroscopic examination confirmed the BAL findings in two patients with a diagnosis of Candida pneumonia, in one patient with squamous cell carcinoma and concomitant bronchopneumonia, and in one patient with severe interstitial cytomegalovirus pneumonia. Open lung biopsy demonstrated aspergillosis with a cavitation filled with hyphae of Aspergillus fumigatus (aspergilloma) and accompanying bronchopneumonia in two patients in whom BAL had detected no evidence of Aspergillus. In In 62 of the 95 patients (65%) a pathogen likely to be responsible for pneumonia was cultured from the BAL fluid. In 36 of these 62 patients (58%) microbiological findings showed the pathogens from the BAL fluid to be resistant to the treatment given. The ratio of patients receiving inadequate treatment was significantly higher (p=0.006) in group B than in group A. If all 62 patients had undergone treatment with a BSAR consisting of teicoplanin, ceftriaxon, tobramycin, and amphotericin B, the treatment would have been ineVective in 20 of the 62 patients (32%) in whom pathogens were detected in the BAL fluid. The following pathogens were resistant to BSAR: Mycobacterium tuberculosis or M xenopii, Capnocytophaga, multiresistant Staphylococcus, Staphylococcus aureus, Stenotrophomonas, Acinetobacter, Legionella, Chlamydia, and cytomegalovirus.
In 29 of the 95 patients (31%) the organism responsible for pneumonia was detected only in the BAL fluid (35% Gram positive species, 40% Gram negative species, 11% Mycobacterium, 11% fungi, 3% cytomegalovirus). Microbiological findings showed that pathogens cultured only in the BAL fluid were resistant to the treatment given in 16 of the 29 patients (55%). Thus, without BAL, 44% of the patients in group A and all of the patients in group B would have been treated with antimicrobial agents which were not directed at the appropriate organism (p=0.02). If all 29 patients had received a BSAR consisting of teicoplanin, ceftriaxon, tobramycin, and amphotericin B, the regimen would have been ineVective in 12 of the 29 patients (41%). With BSAR, 13% of all patients would have received insuYcient treatment.
There were no diVerences between the two groups with regard to positive cultures or pathogens with the exception of Candida detected in BAL fluid. The significantly lower incidence of Candida in group A than in group B (p=0.005) may be because antifungal therapy was administered to more patients in this group. Antifungal agents were given to 61% of patients in group A and to only 25% of patients in group B. No significant correlation was observed between the individual pathogen and the outcome or the severity of immunosuppression or duration of neutropenia with the exception of mycobacteria which were associated with a longer duration of neutropenia (p=0.03). We could not establish a relationship between the location of pathogens and the susceptibility to antibiotics or antifungal agents and the outcome of treatment.
Discussion
We have compared the diagnostic value of BAL as an invasive procedure in 95 immunocompromised patients with haematological disorders and signs of pneumonia with non-invasive procedures such as surveillance cultures at different sites. BAL and sputum had the highest diagnostic yields. However, in assessing this result consideration has to be given to the fact that, in our study, only one culture was taken from the BAL fluid compared with multiple sputum samples (up to 12) and samples from diVerent sources. It is also of interest to determine whether pathogens observed in BAL fluid were also present in sputum. Our findings show that organisms responsible for pneumonia were detected only in the BAL fluid in 29 of the 95 patients (31%) while all other samples, including sputum, had no diagnostic yield. The causative organisms were therefore not detected by less invasive procedures in 29 patients. Sputum was found to be useful in diagnosis in only 14% of the immunocompromised patients with pneumonia compared with 30% bronchial washings, 38% brushings, and 73% transbronchial biopsy specimens reported by Chopra. 6 Transbronchial biopsy specimens were of diagnostic value in seven of 11 patients (64%) and relevant pathogens were cultured from BAL fluid in 65% of all patients in our study.
The value of BAL in the diagnosis of pneumonia in immunocompromised patients with diVerent underlying diseases cited in the literature ranges from 33% 7 to 83%. 8 A diagnostic yield of 81% 9 has been reported in patients with and without immunosuppression, with a yield ranging from 60% 10 to 66% 11 in patients with haematological disorders exclusively and of only 50% 12 in patients with a bone marrow transplant. Young reported a positive result for BAL in the diagnosis of pneumonia or malignancy in 93% of all patients. 13 Most of the studies on pneumonia in immunocompromised patients do not diVerentiate between the diVerent underlying diseases. While Streptococcus pneumoniae is the most common pathogen responsible for pneumonia in immunocompetent patients 14 and Pneumocystis carinii is one of the main causes of pneumonia in HIV infected patients, 15 16 von EiV 11 reported Gram negative bacteria (in 38 of 90 patients) and fungi (in 34 of 90 patients) to be the most common pathogens in patients with haematological malignancies and pneumonia. We found both Gram positive (35%) and Gram negative species (40%) as well as fungi and mycobacteria (11% each) in the BAL fluid.
The most diYcult problem encountered in this study was deciding whether a positive culture was consistent with a pathogen responsible for pneumonia or whether it was caused by contamination of the nasopharynx. In particular, for Candida and coagulase negative Staphylococcus there are no firm recommendations as to whether a positive culture in the BAL fluid of immunocompromised patients with signs of pneumonia necessitates treatment. A distinct increase in infections in immunocompromised patients caused by multiresistant or methicillin resistant coagulase negative Staphylococcus has been described in the literature. 17 Immunocompromised patients are known to develop severe pneumonia. 18 The diagnosis of coagulase negative Staphylococcus infection (not contamination) is suggested when the organism is cultured from normally "sterile" materials such as BAL fluid or blood, 12 when it is cultured several times in diVerent blood samples, 19 or when it is resistant to five or more diVerent antibiotics. 20 In this study we accepted coagulase negative Staphylococcus as a pathogen only when it was detected in at least two diVerent sources or twice in diVerent samples taken on diVerent days and when it was resistant to at least five antibiotics.
Candida is a common organism of the mucous membrane, 1 but damage to the mucous membrane resulting from immunosuppression leads to disseminated severe infection. 21 We therefore accepted Candida as a pathogen in immunocompromised patients with pneumonia and a concordant clinical course only when it was detected in diVerent sources, or twice in diVerent samples taken on diVerent days, or in combination with a positive cytological result. 22 There are no definite recommendations for the diagnosis of an Aspergillus infection and the diagnosis of invasive pulmonary aspergillosis can only be established by biopsy. 23 However, this cannot be performed in most immunocompromised patients because of coexisting thrombocytopenia. Although contamination of BAL fluid cannot be excluded, it is nevertheless a valuable diagnostic tool for Aspergillus pneumonia. 24 In an investigation performed by Stover et al 8 BAL had a diagnostic yield in 83% of all patients with invasive pulmonary aspergillosis confirmed by open lung biopsy, transbronchial biopsies, and necropsy. Von EiV et al 25 reported a sensitivity of 87% and a specificity of 100% for BAL. A single positive sputum culture for Aspergillus has to be viewed critically, while a positive BAL culture in immunocompromised patients should not be underestimated as contamination but should, in view of a mortality rate of approximately 14.8% reported for invasive pulmonary aspergillosis, 26 serve as an indication for the early onset of treatment with amphotericin B.
26 Aspergillus was cultured from BAL fluid in five of seven patients in our study. The two patients in whom BAL was not diagnostic were subsequently shown to have an aspergilloma which cannot be detected by BAL. One patient with a positive sputum culture for Aspergillus and a negative BAL finding underwent open lung biopsy with no evidence of invasive pulmonary aspergillosis, confirming the accuracy of the BAL findings obtained by our investigation. Marra et al 10 found that Aspergillus was responsible for pneumonia in 20% of all patients with lymphoma or leukaemia. Analysis of the 62 patients in our study in whom a pathogen was cultured from the BAL fluid showed that Aspergillus was responsible for pneumonia in 11% of patients.
Mycobacteria other than tuberculosis (MOTT)-for example, M xenopii-are considered to be pathogenic in immunocompromised patients when cultured in a sterile medium such as BAL fluid or found in a biopsy specimen compatible with the clinical course. MOTT detected in a "non-sterile" medium such as sputum were considered to be pathogenic when more than 100 colonies could be seen in each of four diVerent samples. 27 Although M xenopii may occur in immunocompetent subjects as a contaminant, this is not the case in immunocompromised patients. 27 An important question remains if BAL findings are to be of therapeutic use in patients with BSAR, most of whom routinely receive this treatment. We detected pathogens responsible for pneumonia in the BAL fluid of 62 of the 95 patients (65%). Microbiological findings showed that the pathogens cultured from the BAL fluid were resistant to treatment in 58% of patients and to standard BSAR consisting of teicoplanin, ceftriaxon, tobramycin, and amphotericin B in 32% of all patients. There are few data in the literature to indicate whether BSAR consisting of teicoplanin, ceftriaxon, tobramycin, and amphotericin B is eVective in the treatment of pathogens, or if the treatment regimen is changed after BAL. Marra et al 10 reported that the standard BSAR was changed in 18% of patients as a result of BAL findings. Pathogens from the BAL fluid of patients with hospital acquired pneumonia were resistant to BSAR in 67% of cases 10 and pathogens cultured from the BAL fluid of patients with immunosuppression were resistant in 43% of cases. 9 Empirical antimicrobial treatment was verified by bronchoscopy in 25 of 90 patients and was successfully changed in 34 patients. 11 Our findings showed that causative pathogens detected exclusively in the BAL fluid in 29 of our 95 patients were resistant to the treatment given in 16 patients who would therefore have received inadequate treatment without BAL. Treatment with standard BSAR including teicoplanin, ceftriaxon, tobramycin, and amphotericin B would have been ineVective in 12 of 29 patients (41%) with pathogens detected in BAL fluid only.
Complications related to BAL consisted of minor self-limiting bleeding in 14.7% of patients; only one patient had more severe, non-haemodynamically relevant bleeding, although 77 of 95 patients were thrombocytopenic. No pneumothorax occurred. Studies on BAL related complications with a particular focus on immunocompromised patients have reported self-limiting bleeding, bronchial spasm, and coughing in 33% of patients. 28 Von EiV et al 25 noted that complications such as pneumothorax, respiratory symptoms requiring treatment in the intensive care unit, and self-limiting bleeding occurred in 5% of patients with haematological disorders, transplant recipients, or those with AIDS. Zavala 29 reported bleeding following bronchoscopy in 26% of immunocompromised patients.
Thus, BAL may be considered to be a relatively safe procedure even for patients with a low platelet count when compared with the risk of untreated or unsuccessfully treated pneumonia in patients with neutropenia. In view of the cost of bronchoscopy (about 360 German marks or 180 Euro), 30 this is a very small sum of money compared with the costs of a longer stay in hospital for severely ill patients. However, the question of cost eVectiveness goes beyond the scope of this study. Our results suggest that BAL may be essential in the diagnosis of pneumonia in immunocompromised patients.
In conclusion, we have shown that the causative organisms were not detected by less invasive tools in 29 of 95 patients (31%) and that the pathogens found were resistant to BSAR in 12 of the 29 patients (41%). Even though 77 of 95 patients were thrombocytopenic, no major bleeding occurred. BAL is therefore a relatively safe procedure in the diagnosis of pneumonia in immunocompromised patients and in those treated with BSAR.
